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SUMMARY 
The finanaial burden of the psyahoses eaah year runs into 
the billions of dollars while the misery to everyone aonaerned is 
beyond aalaulation. It should be self-evident that the genetias of 
the psyahoses is therefore a topia worth muah more aonsideration than 
it has reaeived. 
One egg twins are genetiaally identiaal but about half of 
the time when one of the twins has a psyahosis the other one does not 
display it. The differenae in expression must be due to environmental 
aauses. However, the faat that identiaal twins are aonaordant for a 
psyahosis about 4 times as often as fraternal twins indiaates that 
there is an important genetia basis for the psyahoses. The existenae 
of a genetia basis for the psyahoses is also demonstrated by a study 
of the relatives of a psyahotia person. This is the major interest 
of this paper. 
Any study of the genetias of psyahoses is aompliaated by 
numerous variables suah as different ages of onset for the various 
disorders, the lower fertility of psyahotia males aompared with 
psyahotia females, and our finding that the offspring of psyahotia 
mothers have about twice as high a risk of developing a psyahosis as 
do the offspring of psyahotia fathers. A large variable aategory is 
that of the environment, though no alues emerged from our study as to 
what aspeats of the environment are involved in the onset of the 
peyahoses. 
The benefiaial effeats of tranquilizers and other improve-
ments in treatment have reduaed the length of time spent in hospitals 
by psyahotia persons and have reduaed their disadvantage in reprodua~ 
tion. Our model shows that if for sahizophrenia the disadvantage 
disappeared there aould be a maximum 10 per aent inarease in the 
frequenay of sahizophrenia in the aoming generation. However, it is 
unlikely that present treatments will result in aompletely normal 
reproduative rates for psyahotia persons. If a aompletely preventa-
tive treatment for the psyahoses should be disaovered, there should 
be an inarease in the frequenaies of the genes for the psyahoses. 
But this undesired inarease in the genes for the psyahoses would be 
balanaed off by the reduation in the number of persons aatually 
suffering from the miseries of their mental disorder. 
It is our aonalusion that the functional psyahoses have an 
important genetia basis, that· it is muitigenia and not strikingly 
different in nature from that for other quantitative genetia traits. 
INTRODUCTION 
I remember Professor L.J. STADLER very well. Certainly 
he would have agreed that there is no sharp delineation between pure 
and applied research. He carried out pure research which resulted in 
important practical applications. The research which will be 
reported now is not as pure as that carried out by Professor STADLER 
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nor is it likely to have very direct applications. Nonetheless, it 
is concerned with a problem of great practical importance, namely 
the genetics of the psychoses. 
The early behavior geneticists were enthralled with the 
discovery of Mendel's laws and in espousing them displayed much more 
enthusiasm than knowledge regarding the genetics of mental traits. 
Some thought that mental retardation was an entity which depended 
upon one single pair of recessive genes. Many years later KALLMANN 
thought that schizophrenia was an entity which depended upon one 
single pair of recessive genes. Today, there are some who think that 
schizophrenia depends upon a single dominant gene with other modifying 
genes having some effect. Such simplistic hypotheses have to be 
incorrect because now numerous specific types of mental retardation 
with different mechanisms of heredity are known and there is good 
evidence that schizophrenia is a heterogeneous group of disorders. 
The practical importance of the genetics of the psychoses 
should be self-evident. Probably from one-third to one-half of all 
hospital beds are occupied by persons suffering from a mental dis-
order. Publication 72-9007 (1971) of the National Institute of 
Mental Health estimates that the annual cost of schizophrenia alone 
in the United States is 14 billion. dollars. A significant proportion 
of psychotic persons have a psychotic parent. Therefore, an under-
standing of the genetics of the psychoses is essential to accurate 
genetic counseling and the possible prevention of some part of the 
production of psychotic persons. It should not be necessary to 
stre·s-s the- importance or- genetics ·in reJ:ation -to any trait at a 
citadel of genetics such as the University of Missouri. 
The frequency of mental disorders is very high. It has 
been estimated that one out of every 5 persons visits a physician at 
least once during his or her life because of mental distress. Most 
of this mass of humanity is not psychotic but suffers from a neurosis, 
an addiction or other mental problem. We don't know the actual fre-
quency of any psychosis because in many cases we cannot tell whether 
the person is actually psychotic or just borderline. Possibly there 
is a normal curve distribution of varying degrees of mental health 
with no cut~off points or dichotomies. 
We are in trouble if there is no clear-cut distinction 
between the psychotic and the not psychotic. Such graded or continu-
ous traits are a geneticist's nightmare, particularly when the age of 
onset may be at almost any time during the person's life. If there 
were some way of detecting which babies will become psychotic later 
on, we might be able to prevent the psychosis from developing ahd the 
genetic pattern would be easier to detect. However, there is no way 
of predicting that a particular child will become psychotic so we are 
in trouble. I hope that you will bear with me in reviewing the trouble 
we find ourself in. The practical importance of the psychoses merits 
your attention. 
METHODS 
How can we study the psychoses to determine the genetics 
of them when they are so heterogeneous, having varying ages of onset 
and, wors·t of all, they cannot be diagnosed with any certainty in 
many cases? 
There is only one way that anyone can learn much about 
the genetic mechanism responsible for a human trait. That way is to 
study the family pedigree. You may call the method segregation analy-
sis or whatever you wish but the basic data must be obtained from 
family studies. The study may be restricted to brothers and sisters 
of an affected person or it may involve all the persons in a kinship 
extending for 5 or 6 generations. The longitudinal kinship study will 
be the most satisfactory for genetic interpretations because one can 
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determine whether more distant relatives show the same heritabilities 
as do close relatives of the proband or index case. Even the most 
sophisticated statistical methods cannot tell you anything without 
using basic data from family studies. Furthermore, the answers 
obtained by statistical treatments will be only as good as the family 
data which they utilize. The basic need for a genetic study of the 
psychoses is, therefore, longitudinal family data with as good diag-
nostic information as is possible for this type of research. 
One of the early geneticists with unbounded enthusiasm for 
Mendelian genetics was Dr. C.B. DAVENPORT, Director of the Eugenics 
Record Office at Cold Spring Harbor, New York. This organization 
trained almost 100 social work data collectors who were stationed at 
various mental hospitals around the country. The quality of the data 
collected at the various institutions depended to a considerable 
degree upon the abilities of the research workers who were assigned 
to the particular place. The major part of this work occurred 
between 1910 and 1920. This was the earliest time that such research 
could be profitable because previously there had been no psychologi-
cal tests · of consequence available and differential diagnosis of 
mental disorders was practically non-existent. 
It was our good fortune to obtain the gift of all the 
research data from the Eugenics Records Office. The data in a few of 
the studies were of excellent quality and one of these, a family study 
of psychotic patients at the Warren State Hospital, Warren, Pennsyl-
vania, was selected for a follow-up of the families seen between 1910 
and 1920. We commenced the follow-up work in 1949. It was not until 
1959, however, that adequate funding became available for the 
research with grant MH-02892 from the National Institute of Mental 
Health. Dr. CARL HARTLEY took up residence in Warren and recruited 
a team of psychiatrists and social workers to carry out the data 
collection. The analysis was carried out at the Dight Institute by 
the authors of this paper. 
The early workers at the Warren State Hospital studied 
the grandparents, parents, aunts and uncles, siblings, children, 
nephews and nieces of patients who were at the Warren State Hospital 
for at least some portion of the time between 1913 and 1918. We 
selected 89 of these kinships in which it was clear that the patient 
had a definable functional psychosis and in which the quality of the 
original research was satisfactory to us. ~e added 10 present time 
kinships which were studied first in order to pre-test our techniques 
before approaching the descendants of the 89 key kinships from the 
early work. The kinships varied in size from the smallest with 23 
persons to the largest one with 1907 members. There were in addition 
942 persons in our control groups so the grand total of all persons 
enumerated in this project amounted to 18,736 individuals. 
A necessary bias is introduced into any study of the 
genetics of the psychoses because the index case must have been .sick 
enough to receive a diagnosis from a physician. This gives the 
false impression that there is a true dichotomy between the psychotic 
and the not psychotic. Where does normality end and psychosis begin? 
It seems unlikely that there is any sharp threshold or truncation 
between them in reality. This poses a problem. 
During the interviews with relatives we invaded their 
privacy without any question. The astonishing thing was not that 
occasionally someone refused to be invaded but that usually the 
subject seized the opportunity to disgorge information of a far more 
personal nature than was requested. The relatives of psychotic per-
sons have many fear~ and perplexing questions which they are anxious 
to present to anyone who seems to be acquainted with the genetic 
risks to the relatives of psychotics. In addition to the family 
data of the interview, the field worker was required to evaluate the 
socioeconomic background of the informant. Finally there was.a 
summary of interview form to assist the worker in coordinating all 
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the material obtained from each person. There was always the possi-
bility that mental illness was concealed by the person both from his 
relatives and from us. However, if the illness was this success-
fully concealed it was of no great concern to society and must have 
been relatively mild in expression. 
Most people would agree that the problem of diagnosis of mental 
disorders is the soft underbelly of psychiatry. Different psychia-
trists often disagree as to diagnosis of the same patient. All the 
diagnoses in this study were made by psychiatrists with extensive 
experience. JOHN C. URBAITIS, M.D., the assistant superintendent of 
the Warren State Hospital very generously accepted responsibility for 
the diagnostic procedures. 
These is a vast amount of information about review of diagnoses, 
age of the proband at admission to the hospital, sex ratio and other 
significant items which cannot be considered here because of lack of 
time and space. Various tests showed that our sample of 99 selected 
probands is fairly representative of the population of persons with 
functional psychoses hospitalized during the early part of the 
twentieth century. 
RES UL TS 
RISKS OF PSYCHOSIS FOR THE RELATIVES 
Family studies devised to elucidate the genetic m~chanisms basic 
to a trait usually utilize at least the siblings and children of the 
prob ands. 
Our first table presents the data for the full siblings of our 
probands. It can be seen that 85 of the 463 siblings, or 18.4 per 
cent, were psychotic. Another 115 had some other mental disorder 
such as a neurosis or alcohol addiction. Combining the two groups 
we find that 200 or 43.2 per cent of the brothers and sisters of the 
probands had some serious mental difficulty. We can see at once that 
mental difficulties are of a familial nature as 170 of the 200 affected 
siblings, or 85 per cent, had one or both parents with some mental 
difficulty. 
Table 1. Summary table for the siblings of the 89 probands when 
classified according to the mental health of their 
parents. 
Mental Health 
of Parents 
One or both 
parents psychotic 
Both with other 
·mental dis order 
One parent with 
other dis order, 
one unaffected 
Both parents 
unaffected 
Totals 
1. ) 
Psychosis 
43(30.9%) 
18(20.2%) 
16(ro. 9%) 
8( 9.1%) 
85(18.4%) 
Full Siblings 
2. 
Other Mental 
Disorder 
33(23. 7%) 
23(25. 8%) 
37(25.2%) 
22(25.0%) 
ll5(24.8%) 
of the Probands 
3. (Cols.1&2) 
Psychosis and 
Other Disorder 
76(54.6%) 
41(46.0%) 
53(36.1%) 
30(34.1%) 
200(43.2%) 
4; Total 
Siblings 
(incl. un-
affected 
139 
89 
147 
88 
463 
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When we look at the children of the psychotic probands we find 
about the same frequencies of affected persons as we did for the 
group of siblings of the probands. It is clear (Table 2) that 17,5 
per cent of the children of the probands developed a psychosis, 25.3 
per cent had some other mental disorder eventually for a total of 42.8 
per cent of the children with some mental problem. This compared 
with 18.4 per cent psychosis, 24.8 per cent other mental disorders, 
for a total of 43.2 per cent with mental problems which we saw for 
the siblings of the probands . It is rather astonishing that no two 
of the comparable percentages are more than 0.9 per cent different 
from each other. 
Tabl.e 2. Mental health of the children of the 89 probands classified 
according to the sex and the mental health of their 
parents. At least one parent, the proband, was psychotic 
in every case. 
Children of the Probands 
Mental Health 1. 2. Other 3,(Cols. 1&2) 4. Total 
of Parents Psychosis Mental Psychosis and Children Disorder Other Dis- (incl. un-
order affected2 
Mother Father 
Psychotic Psychotic 2(100.0%) 0 2(100.0~) 2 
Other dis- Psychotic 1 ( 1.1%) 5(38.5%) 6( 46.2%) 13 
order 
Unaffected Psychotic 3( 10.0%) 6(20.0%) 9( 30.0%) 30 
Psychotic Other dis- 14( 27 .5%) 20(39,2%) 34( 66.7%) 51 
order 
Psychotic Unaffected 7( 12.1%) 8(13.8%) 15( 25.9%) 58 
Totals 27( 17.5%) 39(25.3%) 66( 42.8%) 154 
This comparison of the frequency of a trait in the proband's 
siblings with the frequency in the proband's children is of value in 
an attempt to determine what genetic mechanism is involved. If a 
single pair of recessive genes were the basis for the trait we would 
expect a higher frequency of affected siblings than affected children 
of the proband. This would also be the expectation if several inde-
pendent. disorders, each due to a single recessive gene locus were 
present. The fact that the frequencies of psychoses and other mental 
disorders are the same for both siblings and children thus apparently 
eliminates simp le recessive heredity as the primary basis for the 
mental ill health of our group of persons. 
The two tables which we have seen are evidence enough that no 
simple genetic mechanism will suffice to explain the data. This is 
strikingly different from the Huntington's disease situation where 
it is evident that a simple Mendelian dominant gene is the genetic 
mechanism involved. The question might b,e asked whether the psychoses 
have any genetic basis at a ll because of our failure to see any 
simple genetic basis for them. We can fall back upon our axiom that 
all traits have both a genetic and environmental basis; therefore, 
the psychoses do result from both genetic and environmental factors. 
Fortunately, we have some exceedingly good evidence for a genetic 
basis for the psychoses. This comes from several adoption studies. 
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The classical adoption study is that of HESTON (1966a, 1966b). 
In Oregon, state law decreed that children born to schizophrenic 
mothers in institutions must be taken from the mother within 3 days 
of birth and placed for adoption or with non-psychotic relatives. 
There were 47 of these children and 50 control children who had also 
been placed for adoption but did not have a psychotic mother. None of 
the control children who were 20 to 50 years old when HESTON examined 
them had developed a psychosis. However, 16 per cent of the children 
who had been removed from their schizophrenic mothers within 3 days 
had developed a psychosis between the ages of 20 to 50 when HESTON 
examined them. This is strong evidence for genetic causation because 
whatever environmental effect their schizophrenic mothers might have 
had on them would have had to be prenatal or within 3 days of birth. 
Our own data on adoption are not as "clean" as those of HESTON 
but they are more interesting in one way in that some of the children 
of our probands were separated from their psychotic parent while 
other psychotic probands managed to keep their children for 6 years, 
or more. The results are astonishing (Table 3). Of the 21 children 
separated from the psychotic proband parent before age 6 there were 6 
or 28.6 per cent who later developed a psychosis while of the 133 
children not separated from their psychotic parent only 21 or 15.8 
per cent developed a psychosis. 
Table 3. The 154 children of the 89 probands classified according 
to the sex of the proband and. whether or not the child 
was separated from the proband parent before the child 
was 6 years old. 
Children of the Probands 
1. 2. 3.(Cols. 1&2) 4. Total 
Psychosis Other Mental Psychosis and Children 
Disorder Other Disorder (incl. un-
affected 
A. Se2arated 
before i5 lrs. 
Proband Mother 5(27.8%) 8(44.4%) 13(72.2%) 18 
Prob and Father 1(33.3%) 0 ( 0.0%) 1(33.3%) 3 
Sub-totals 6(28.6%) 8(38.1%) 14(66.7%) 21 
B. Not se;earated 
before i5 irs. 
Proband Mother 17(18.5%) 20(21.7%) 37(40.2%) 92 
Prob and Father 4( 9.8%) 11(26.8%) 15(36.6%) 41 
Sub-totals 21(15.8%) 31(23.3%) 52(39.1%) 133 
Grand Totals 27(17.5%) 39(25.3%) 66(42.8%) 154 
Our explanation for the higher frequency of psychotic children 
among those separated from their psychotic parent compared with those 
that remained with the parent is that the parents who could not retain 
their children were more severely ill and had a heavier genetic load-
ing than the parents who could keep their children. 
The general conclusion which the adoption studies permit is that 
the fundamental causes of the functional psychoses have had their 
effect by birth or soon thereafter. Later trivial environmental 
factors may trigger psychotic episodes but the biological basis for 
them would seem to have been present neonatally. 
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In any condition with a delayed age of onset some form of age 
adjustment must be considered. That is, for traits which are not 
congenital the first display of the trait might not appear until old 
age. The functional psychoses may become apparent at almost any age 
for the first time. This variable age of onset makes our quest for 
the genetic mechanisms responsible for the psychoses very much more 
difficult than if they were congenital. 
One large advantage of the present study is that it is unique 
in that two generations of investigators worked on it so that greater 
longitudinal observations in time were possible than for any other 
study. Table 4 shows, for example, that 69.8 per cent of the brothers 
and sisters had died by the time the data gathering was terminated. 
Some persons would have developed a psychosis had they lived longer 
than they did. Some of the 127 still living should develop a psychosis 
before death. Thus the true value for the risk of psychosis must be 
higher than the 18.4 per cent actually observed for the siblings of 
the probands in Table 1. 
Table 4. Status of full siblings at time of study, by their mental 
health. 
Status at Mental Health 
Time of Study Other Psychotic Disorder Unaffected Total 
Living 9( 10.6%) 31( 26.9%) 87( 33.1%) 127 ( 27.4%) 
Lost from 0 4( 3.5%) 9 ( 3.4%) 13( 2.8%) 
observation 
Dead 76 ( 89. 4%) 80( 69.6%) 167( 63.5) 323( 69.8%) 
85(100.0%) 115(100.0%) 263(100.0%) 463(100.0%) 
I don't wish to go through the arithmetic of making the age 
corrections for the siblings of our psychotic probands and will 
mere ly present the data in Table 5. It can be seen that the risk for 
each sibling who survived to age 75 of developing a psychosis would 
be 21.5 ! 2.4 per cent instead of the 18.4 per cent which was 
actually obser:".'._ei!..,__This means that because many of the siblings died 
before reaching age 75 we observed only about 86 per cent of those 
who would have developed a psychosis had they survived until 75. 
Similar calculations for the children of our psychotic probands 
give an observed frequency of 17.5 per cent psychosis and a calculated 
risk of about 22 per cent to age 75. This is not much different from 
the 21.5 + 2.4 per cent expected for the siblings of the prob'ands. 
This almost embarrassingly good agreement between the risks for 
children and siblings is in accord with a multigenic etiology but 
leaves us groping for an explanation of what kinds of environmental 
effects could be so similar in the two different generations repre-
sented by the children and the siblings of our probands. 
The nieces and nephews are second degree relatives of the 
probands and as a group have only half the risk of a psychosis 
expected for first degree relatives such as the children of the pro-
bands. Half of the 22 per cent risk to children would be 11.0 per 
cent. Our calculation of the risk for the 1051 nieces and nephews 
gave us an expectation of 9.2 + 1.46 per cent risk which is in 
reasonable agreement with the Il.O per cent just calculated above. 
The observed frequency of psychosis was 5.8 per cent, thus many 
nieces and nephews will develop a psychosis in the future. 
What would the age corrected risk of psychosis turn out to be 
for a genetically unrelated control group? A control group would be 
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most useful if contemporary with the generation of children and 
nephews and nieces of the probands, though the control group must be 
unrelated to them. The siblings of the spouses of the children, 
nephews and nieces of our study provide the most appropriate control 
population. We took a randomly selected one-fifth of those available 
which gave us a control sample population of 913 persons. The cumu-
lative risk of a psychosis by age 75 for the control population was 
approximately 3.7 per cent. 
Table 5. Cumulative Risk of Psychosis Among Siblings of the Probands 
Nwnber of Siblings 
Age 
Interval Psychoticl 
a 
15-24 22 
25-34 18 
35-44 14 
45- 54 13 
55- 64 11 
65-74 4 
75-84 3 
85-94 
95-99 
Total, age 
known 85 
Age not 
known 
Grand 
Totals 85 
Other dis-
order2 
b 
4 
6 
6 
8 
15 
41 
26 
7 
113 
2 
115 
Unaf-
fected 
C 
18 
21 
9 
21 
40 
68 
65 
14 
3 
259 
4 
263 
Total 
d 
44 
45 
29 
42 
66 
113 
94 
21 
3 
457 
6 
463 
Calculated Psychosis 
Number in Rate 
Age Interval (10 year) 
e 
446.0 4.9!1.0% 
399-5 4.5!1.0% 
360.5 3,9,1.0% 
324. 5 4.0,1.1% 
269,5 4.1=1.2% 
176.5 2. 3:1.1% 
72. 5 4.1!2.3% 
13.5 
1.5 
1Age at onset of psychosis, or at first hospitalization, or at last report (youngest age available) 
2Age at last report 
3Method of calculation in text 
Cumulative 
Risk of 
Psychosis 3 
('ro end of 
interval) 
4.9:1.0% 
9.2:1.4% 
12.7!1,7% 
16.2!2.0% 
19,7!2,2% 
21. 5!2. 4% 
24,7!3 .1% 
In summarizing the risks of developing a psychosis in the 
relatives of psychotic probands we found that about 18 per cent of 
the first degree nelatives of the index case actually developed a 
psychosis while the risk would be about 22 per cent if all the rela-
tives reached age 75. The second degree relatives, for example the 
nieces and nephews, included 5.8 per cent psychotic persons while the 
age corrected expectation for age 75 was 9.2 + 1.46 per cent. The 
cumulative risk of a psychosis for a member of the genetically 
unrelated control population was 3,7 per cent by age 75, while 2.5 
per cent of the control group had developed a psychosis at the comple-
tion of our study. 
THE MATERNAL EFFECT 
Probably the most interesting finding. of our study is the recog-
nition of the maternal effect. It is astonishing that no careful 
attention has been given to this possibility before. Hundreds of 
pages have been devoted to the psychogenic mother but no one has 
seriously attempted to discover whether psychotic mothers actually 
have a higher percentage of psychotic offspring than do psychotic 
fathers. 
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The data in Table 6 are therefore very significant and very illuminating. We see that for 5 different sets of relatives of the probands there is always a higher percentage of psychosis in the off-spring of psychotic mothers than of psychotic fathers. Consistency is a strong2statistical test. In addition, the probability of getting ax of 17.0 is less than one chance in 1000 for these data . We have established the finding that psychotic mothers have a higher percentage of offspring who develop a psychosis than do psychotic fathers. Is this maternal effect primarily genetic or environmental? We will look at some other data before trying to answer this impor-tant question. 
Table 6. Summary of all our data concerning the percentage of psy~ chotic offspring produced by psychotic mothers compared with psychotic fathers. 
Mother Psychotic Father Psychotic Father Not-2szchotic Mother Not-2szchotic 
Aunts and Uncles 7 out of 52 (13.5%) 3 out of 31 ( 9. 7%) of the probands 
Siblings of the 34 out of 86 (39 -5 %) 5 out of 42 (11.9%) probands 
Children of the 21 out of 109 (19.3%) 4 out of 43 ( 9 . 3%) prob ands 
Nieces and Nephews 19 out of no (17.3%) 6 out of 72 8.3%) of the probands 
More distant Relatives 3 out of 60 ( 5.0%) 2 out of 59 3.4%) of the probands 
(Generation V) 
Totals* 84 out of 417 (20. 1%) 20 out of 247( 8.1%) 
*x2 = 17.0 d.f. 1, p<0.001 
STENSTEDT (1959) provided data which showed a strikingly higher risk of manic-depressive psychosis among the offspring of manic-depressive mothers compared with the risk of manic depressive psycho-sis in the offspring of affected fathers. The cumulative risk curves for the two groups cif offspring, constructed by us from his data, are shown in Figure 1. 
· 
FERTILITY 
It is generally accepted that schizophrenic persons have a lower fertility than their unaffected siblings and the general population. It is also well known that schizophrenic males have a lower fertility than s chi zophreni c females. Numerous que.stions remain as to how these differences come about. The implications of these fertility differences are of great practical interest for future generations . A major advantage of our study is the opportunity to trace at least one complete generation from the parents to their offspring and until the offspring have died or reached very old age. When this is done it is possible to show that the differences in the numbers of psychotic offspring produced by schizophrenic females compared with schizophrenic males are due to the joint effects of at least two variables. 1) The proportion of schizophrenic females who reproduce is higher than it is for schizophrenic males, and 2) the higher risk of schizophrenia for each child of a schizophrenic female. 
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MANIC-DEPRESSIVE PSYCHOSIS IN CHILDREN 
30 
20 
( S1ens1edt, 1959) 
Mother 
manic-depressive 
Folher monic-depressive 
40 
Age 
60 80 
FIGURE 1. Manic-depressive psychosis in children wonstructed on the 
basis of data from STENSTEDT 1959). The risk is much 
higher for the "children" of manic depressive mothers than 
for manic depressive fathers. 
The 3 figures which follow show both the failure of the 
schizophrenics to reproduce at the rates of their 3ib,lings and the 
failure of the schizophrenic males to reproduce at the same rate as 
the schizophrenic females. 
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FIGURE 2. The much higher fertility of the schizophrenic female 
probands, their schizophrenic sisters, daughters, and 
nieces compared with the schizophrenic male probands, 
their schizophrenic brothers, sons, and nephews. 
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FIGURE 3, Fertility of three groups of related females, The schizo-phrenic females include the schizophrenic probands, 
sisters, daughters, and nieces. 
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FIGURE 4. Fertility of three groups of related males. The schizo-phrenic males include the schizophrenic probands, brothers, 
sons, and nephews. 
It should be interesting to combine the two disadvantages of the lower fertility of schizophrenic persons with the higher risk that their children have of developing schizophrenia. Table 7 gives the raw data with which we start the lengthy but simple calculations 
of the double disadvantage of the schizophrenic male. It will be 
noted that only 64 per cent of the schizophrenic females reproduced 
compared with 27 per cent of the males. 
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Table 7, Reproductive experience of schizophrenics. 
Females 
Group Schizophrenic Unaffected (Probands and Sisters 
Sisters) 
Age 15 or older 66 
Those who repro- 42( 64%) 
duced (No. and 
% of above) 
Liveborn children of 144 
persons above 
Children surviving 114( 79%) 
to age 15 (no. and 
% of liveborn) 
Mental health of children 
Schizophrenia 
Manic depressive 
psychosis 
Psychosis NOS** 
24( 21%) 
3( 3%) 
1( l%) 
Other mental health 33( 29%) 
problem 
Unaffected 53( 46%) 
Total 114(100%) 
93 
77( 83%) 
297 
267( 90%) 
5( 2%) 
1 
0 
30( 11%) 
231( 87%) 
267(100%) 
Males 
Schizophrenic Unaffected 
(Probands and Brothers 
Brothers) 
37* 
10(27%) 
32 
30(94%) 
4(13%) 
1( 3%) 
0 
3(10%) 
22(73%) 
30(99%) 
113 
71( 63%) 
258 
228( 88%) 
9( 4%) 
0 
0 
22( 10%) 
197( 86%) 
228(100%) 
*Including two males·who married schizophrenic wives. Each 
couple produced one child (who developed schizophrenia). 
**NOS= Not otherwise specified. 
Table 8. Combined Effect of Reproductive Rate and Risk of Schizophrenia in Offspring. 
Females 
Variable Schizophrenic Unaffected (Prob ands and (Sisters) 
Sisters) 
1. Proportion ever reproducing 
2. Liveborn children per reproducing 
individual 
3. Proportion of liveborn surviving 
to age 15 
4. Net number of surviving children 
per individual (lx2x3) 
5, Risk of schizophrenia per child 
6. Net number of schizophrehic 
children per individual (4x5) 
7. Net number of children, without 
any mental disorder, per individ-
ual (line 4 times per cent 
unaffected of Table 8-1) 
0.64 
3.43 
O. 79 
1.73 
0.21 
0.36 
O. 80 
0.83 
3,86 
0.90 
2. 88 
0,02 
0.06 
2.51 
Males 
Schizophrenic Unaffected 
(Probands and (Brothers) 
Brothers) 
0.27 
3, 20 
0,94 
O. 81 
0.13 
0.11 
0.59 
0.63 
3, 63 
0.88 
2.01 
0,04 
0.08 
1.73 
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The next step is shown in Table 8 where the first line is 
brought forward from the previous table as are the data for the next 
2 lines. Line 6 shows that while schizophrenic mothers average 0.36 
schizophrenic offspring the males only average 0.11 schizophrenic 
offspring, little less than one-third as many as the females. 
Neither the schizophrenic females nor the males replace themselves 
with schizophrenic offspring which means that most schizophrenic 
persons in any one generation were produced by non-schizophrenic 
parents. 
It may be helpful to set up a hypothetical population to study 
the effects of these variables of fertility and morbid risks on 
population dynamics. Let us start with an imaginary population of 
100,000 persons. We will assume a rate of 2.0 per cent for schizo-
phrenia in the population which gives 1000 affected males and 1000 
affected females as shown in the first line of Table 9. The propor-
tions reproducing are those in Table 8 as are the number of liveborn 
children per pair and the proportion surviving to age 15. The risks 
of schizophrenia per child also come from Table 8. The last line of 
Table 9 is the culmination of our efforts and shows the proportions 
of the schizophrenics we expect to be produced in our generation by 
the schizophrenic mothers, schizophrenic fathers and non-
schizophrenic couples of the past generation. That is, 15.3 per 
cent of the schizophrenics in the whole population would be expected 
to have a schizophrenic mother and a non-schizophrenic father while 
4,5 per cent would result from the reciprocal union. The great 
majority (80.2 per cent) would be expected to have both parents 
without schizophrenia. 
Table 9, Hypothetical population illustrating effect of reproductive 
rates and risk of schizophrenia in offspring. 
Schizo12hrenic 
Females Males Unaffected Total 
Initial number1 1,000 1,000 98,000 100,000 
Proportion reproducing o.64 0.27 0. 72 
Individuals reproducing 640 270 70,560 71,470 
Pairs reproducing2 640 270 34,825 35,735 
Liveborn children per pair 3,43 3.20 3,75 
Number liveborn children 2,195 864 130,594 133,653 
Proportion surviving to 15 0.79 0.94 0. 89 
Number surviving to 15 1,734 812 116,229 118,775 
Risk of schizophrenia per child 0.210 0.130 0.016* 0.020* 
Number of schizophrenic 364 106 1,906* 2,376* 
children 
Distribution of schizophrenic 15,3% 4.5% 80. 2% 100% 
children 
1Assuming 2% schizophrenia in both generations 
2Assuming that schizophrenics mate only with unaffected 
*Arbitrarily set to result in 2% schizophrenia for the whole 
generation. 
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We are not as much interested in the precise estimation of the 
values as we are in the general implications of the model, including 
the following concepts: 
1) The majority of schizophrenic persons will be produced in 
families with both parents having normal mental health. 
2) There will be more schizophrenic offspring having a schizo-
phrenic mother than a schizophrenic father. This is because of the 
higher fertility of schizophrenic women compared with schizophrenic 
men and because of the greater risk per offspring of schizophrenic 
mothers. 
3) The model is testable and can be improved if found to be 
much in error. It has great value as a check upon our assumptions 
about the fertility and other behavior of psychotic persons. Such 
checks as we have made provided reasonable agreements between the 
actual data and the expectations from the model. 
EUGENIC CONSIDERATIONS 
I realize that eugenics is a dirty word. This is partly 
because most eugenic pronouncements have had a large component 
of ·ideology and a rather small component of genetics in them. 
However, it should be possible to consider the topic in an 
unemotional way before a scientific audience. What I have to say is 
speculative and a kind of operations research concept. We will see 
what might come to pass, if some very unlikely changes in the repro-
duction of schizophrenic persons occurred. 
We have seen that only 64 per cent of the schizophrenic women 
and 27 per cent of the sphizophrenic men reproduced. That is, about 
half of the persons with clear-cut schizophrenia do not reproduce. 
Our model in Table 9 indicates that 19.8 per cent of the present 
generation of schizophrenic persons were produced by a schizophrenic 
parent. Our first speculation is that if none of the schizophrenics 
in the previous generation had reproduced, the frequency of the dis-
order in this generation would have been reduced by the 19.8 per cent. 
However, many schizophrenics have produced some children before the 
onset of their disorder so it would be completely unlikely that any 
decrease as large as l9.8 per cent would actually happen under the 
most extreme eugenic program which one could imagine. Perhaps some 
technique will be developed which will permit detection of the future 
schizophrenic before he has had any children but this idea has no 
support at present. 
A much more likely possibility is that more schizophrenics will 
reproduce in the future than was the case in the past. Everyone knows 
that tranquilizers combined with other methods of treatment have 
decreased the length of hospitalization for schizophrenia most 
dramatically. Consequently, schizophrenics are now very likely to 
have more children than in the past. Evidence for this has been 
provided by ERLENMEYER-KIMLING (1969). 
We can rework our model on the assumption that the schizo-
phrenic women and men reproduce at the same rate as their non-
schizophrenic siblings. Thus, the absolute conceivable maximum 
percentage of schizophrenic offspring who might be produced by a 
schizophrenic parent can be predicted from our revised model. The 
average proportion of siblings of our schizophrenic persons who 
reproduced was 72 per cent. The average number of surviving children 
of each sibling who reproduced was 3.33. These very simple calcula-
tions provide our predictions in the bottom line of Table 10. 
We see that if all schizophrenic persons of one generation 
reproduced at the same rate as their non-affected siblings and their 
children survived as well as those of their siblings, then 30.7 per 
cent of the schizophrenic persons of the next generation would have 
been produced by a schizophrenic parent. This is an increase from 
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the 19.8 per cent of our real life model of Table 9. It is an 
increase of 55 per cent as a result of the assumption that the 
schizophrenic persons would do as well in reproduction as their 
normal siblings. 
Table 10. Hypothetical population assuming that schizophrenics 
would reproduce at the same rate as their siblings. 
Schizo12hrenic 
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Females Males Unaffected Total 
Initial numbers* 1,000 1,000 98,000 100,000 
Proportion reproducing 0. 72 0. 72 0. 72 
Individuals reproducing 720 720 70,560 72,000 
Pairs reproducing 720 720 34,560 36,000 
Surviving children per repro- 3.33 3.33 3.33 ducing pair (Table 8) 
Number surviving children 2,398 2,398 115,085 119,881 
Risk of schizophrenia per child 0.21 0.13 0.016 0. 022** 
Number of schizophrenic 504 312 1,841 2,657 
children 
Distribution of schizophrenic 19.0% 11. 7% 69.3% 100.0% 
children 30. 7% 
*Arbitrarily set to result in 2% schizophrenia 
**Total below, divided by that above, or 2,657 0.022 
119,881 
The broad limits between which the production of schizophrenic 
offspring by a schizophrenic parent might fluctuate are firmly 
established by our models. In eugenic terminology, the maximum 
economy would have been about a 19.8 per cent reduction in schizo-
phrenia if none of the previous generation of schizophrenics had 
reproduced. No one expects a reduction of this amount particularly 
as many children are born before the onset of schizophrenia in the 
parent occurs. 
The opposite extreme where every schizophrenic person is as 
prolific as his normal siblings would result in the production of 
30 . 7 per cent of the schizophrenic offspring by a schizophrenic parent 
of the previous generation. Our population may be tending in this 
direction as a result of better medical treatment but it is highly 
unlikely that such a high value will be achieved. Even if it were, 
the percentage of schizophrenia in the whole population would only 
increase from our base rate of 2 per cent to 2.2 per cent in one 
generation, though this is a 10 per cent increase. 
It is quite clear that the discovery of the polio vaccine 
caused the almost complete disappearance of polio myelitis from the 
United States population. It is conceivable that an effective chemi-
cal preventative for schizophrenia and the other psychoses might be 
discovered. If this should happen and our mental hospitals be 
emptied, a tremendous environmental victory will have .· heen won. The 
genetics of the mental disorders would not change rapidly, but inter-
est in both the genetics and the mental disorders themselves would 
vanish for all practical purposes. 
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For the present, changes in the reproductive rates of psychotic 
persons will presumably be reflected by proportional changes in the 
gene pool for psychoses. But it is not likely that such changes will 
be very large. However, if a preventative biochemical treatment should 
be found, then the frequency of genes for psychosis shoul"d increase 
substantially. Mental disorders would no longer be a problem, though, 
because of the success of the preventive medicine. Naturally, 
eugenicists would be distraught at the increase in the frequency of 
the genes for the psychoses but this should be more than balanced off 
by the reduction in the number of persons actually suffering the 
miseries of their mental disorder. 
We should put aside these grandiose visions of perfect preven-
tion of the psychoses in the immediate future. In the real world as 
of now it would be most inappropriate for anyone to encourage the 
reproduction of a person with a psychosis. There may be exceptions 
to this prediction of serious risk to the offspring of a psychotic 
person, but it is impossible for us to see any justification for 
encouraging psychotics to have children at this time. 
GENETICS 
The title of this paper is based on the premise that there 
is, in fact, a genetic basis of some sort for the psychoses. What is 
the evidence for this premise? 
Let me review a small amount of the evidence very brie·fly. 
1. It is axiomatic that we are the product both of our heredity 
and our environment. There is no reason to exclude the psychoses 
from this postulate. 
2. Numerous well established single gene Mendelian traits 
such as Huntington's disease and the dominant type of porphyria 
display psychotic behavior which could easily be misdiagnosed as a 
functional psychosis. 
3, An enormous array of twin studies throughout the world show 
that one egg twins are both affected with a psychosis about 4 or 5 
times more often than are two egg twins. In family studies, like 
ours, the frequency of psychosis is proportional to the genetic 
relationship of the group of relatives to the index cases rather than 
depending upon whether the persons such as full siblings, half 
siblings or adopted siblings were raised under the same roof as the 
psychotic index sibling or not. 
4. The adoption studies of HESTON (1966) and our own studies 
indicate that those children who had a psychotic parent and are 
placed for adoption with normal adoptive parents have as high, or a 
higher frequency of psychosis as the children raised by their psychotic 
parent. Thus the factors determining mental health outcome were 
already present at birth or soon thereafter. By way of general inter-
est, the children with schizophrenic mothers who were placed for 
adoption became psychotic in about 16 per cent of the cases, age 
corrected, in HESTON's study. This is about the same value expected 
f~r children who remain with their schizophrenic mother. 
5. GOTTESMAN and SHIELDS (1967) have calculated heritabilities 
for schizophrenia and find that they are high and range from about 60 
to 90 per cent for the different groups of relatives of the index 
cases. 
Evidence that environmental factors are important in the 
expression of the psychoses is easy to find. The functional psychoses 
are not usually detectable at birth and identical twins are not 
always both affected by the time of old age and death. There is still 
little understanding as to what environmental factors are involved. 
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The most frustrating problem for the geneticist is that of the 
possible mechanism or mechanisms responsible for the transmission of 
the genes for the functional psychoses. 
The heritability values provided by GOTTESMAN and SHIELDS (1967), just mentioned, necessarily rest upon the assumption that 
schizophrenia depends upon numerous pairs of genes of comparable 
importance and additive in their action. Unfortunately, recent papers 
such as that of SMITH (1971) show quite clearly that it is impossible 
at present to distinguish between such a multigenic system of more or 
less equally additive genes and that of a single dominant gene with 
other important supplementary modifying gene pairs. The fact that at 
present statistical discrimination between the two hypotheses is 
impossible leaves us with only a speculative approach to the problem. 
We can, for instance, look at comparable situations such as the gene-
tics of intelligence, It is clear from the fossil record that the 
forebrain of man did not suddenly double in size as might be expected 
if some single important dominant mutation had occurred. Instead, 
the forebrain evolved gradually as would be anticipated if it were 
the product of natural selection operating upon many genes with 
similar strengths or modes of activity. 
There is no question but that some people are seriously ill 
from what is correctly diagnosed as schizophrenia. A very important 
question which must be asked is whether this is a disorder which is 
clearly different from the normal condition (like Huntington's 
disease) or is schizophrenia at one end of a distribution curve of 
normal behavior? This is, do schizophrenic persons with less and 
less severe expressions of the disease become indistinguishable from 
the rest of the population? Is there a threshold where normality 
ends and schizophrenia begins? Our opinion is that there is no 
dichotomy between normal and schizophrenic persons, We also doubt 
that there is a qualitative dichotomy between the normal status and 
people with affective disorders. If we are dealing with normal 
curve phenotypic differences for the psychoses, which seems to us to 
be the case, then it is likely that we have normal curve genetics, 
that is, multigenic inheritance as the basis for the phenotypes. 
There may be exceptional families, of course, where the disorder is 
due to a single gene pair and is strictly dichotomous. 
It is not of overwhelming importance from a practical point of 
view whether one espouses the multigenic hypothesis (or the single 
dominant gene with numerous modifying gene loci hypothesis) as long 
as the two mechanisms remain indistinguishable by any available test. 
The calculation of heritabilities is based upon the additive multi-
genie hypothesis and therefore one would be more comfortable in 
accepting it rather than the single important dominant gene with 
modifiers idea, when considering heritabilities. 
There has been a strong tendency in human genetics to discard 
the concept of a single major gene with numerous modifying genes in 
favor of the quantitative multigene mechanism for traits like dia-
betes, hypertension, and rheumatic fever which have a relatively 
high frequency in the population. The fact that such traits are 
present in one per cent or more of the general population indicates 
that they have been around for a very long time and have a compli-
cated genetics. During long periods of evolutionary change one could 
expect that numerous genes affecting any frequent trait would mutate 
and be screened by natural selection, Some would survive in some 
persons and other relevant genes would survive in still different 
persons. Over a long period of time a very complicated and hetero-
geneous genetic pool would develop and in our opinion this has 
happened, It is our conclusion that the genetic basis for the func-
tional psychoses is multigenic and not strikingly different in nature 
to that for other quantitative genetic traits. 
BIOCHEMISTRY 
If a number of genetic loci, each with a small effect are 
involved in the etiology of the psychoses, we would expect a 
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corresponding quantitative variation in specific metabolites. These 
differences from the normal variations in the concentrations of these 
specific metabolites could be difficult to demonstrate as statis-
tically significant. Furthermore, the long search for a specific 
biochemical substance responsible for schizophrenia or manic depres-
sive psychosis has so far been unsuccessful. 
The fact that the individual genes responsible for schizophrenia 
have not been identified nor have the relevant biochemicals been 
isolated seems to be pretty discouraging. However, the specific 
genes and biochemicals responsible for normal height in man have not 
been identified yet, either. The relevant biochemical substance for 
diabetes mellitus is insulin, but the genetics of diabetes still 
ranks as a geneticist's nightmare. 
The thrust of this paper has been to demonstrate as best we 
could, that the psychoses behave like other quantitative genetic 
traits. This conclusion increases the difficulty and the challenge 
of working with the genetics of the psychoses. However, no answer is 
likely to be obtained unless research continues. The value of what-
ever answers may be found will be great because the psychoses (and 
the other mental disorders associated with them) probably comprise 
the greatest genetic burden which mankind has to carry. 
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